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„ a 2 3,6-tetrahydropyri- 

4-Arylpiperidines and 4-aryl-l, 2 , , 

« rlass are known to exhibit diverse 
dines as a class are *n pridiny i indoles and 

pharmacological activxty^ ^ fee agonists at t he 

- e u - « — 

#5,298,520), lor et al., I4ole_cu2ar. 

5 . OTlA . ana S-HT 2 recent rs^ayl ^ 

■ ^''^T^f^e'L^to be serotonin 5-HT 2 antagonists 

(Watanabe, St al- • » ^„tain 4-aryX-l. 2.3.6- 

445 U993)). ^ the ™ r :'""t;: ridi L nave been tangnt 

reuptake. „™rally accessed through 

This class of molecules xs generally 
coupling o £ an aPP^^e aryX snbs-te « th a J, ^ 
piperidone or piperidone enoXate *~ ^ or „ 

pairs include an aryl anron wxth a 4 P P ^ o£ & 

aryl boronic acid ^^L^^" Have provided 
palladium catalyst. those COTpo unds where the 

access to a nuntoer of de "™ t ^' moiety is adjacent 

point of connectivity to the possible to 

to a nitrogen atom have >— .**^J B ^ess for the 

prepare. The present invention ^^^^^aines 

preparation of these heteroaryX-1.2,3,6 

and heteroarylpiperidines. 
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The present invention provides a process for the 
preparation of heteroaryl -1,2,3,6- tetrahydr ©pyridines of 
Formula I: 



{ 4-R 1 

N 

I 

R 

I 

where R 1 is C1-C4 alkyl or a nitrogen protecting group; and 

R 2 is hydrogen or C^-C^ alkyl, comprising reacting a 
heteroaryl halide of Formula II: 




halide 

11 



with a triflate of Formula III: 




III 



in the presence of a palladium catalyst, a hexa(Ci-Cg 

alkyl) ditin, and lithium chloride in a suitable reaction 
medium. 
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ne present invention also provides a process for the 
preparation of heteroarylpiperidines o £ For^Xa XV. 



co^rising reducing the heteroaryX-x. 2 .3.6-tetrahydro. 
pyridines of Formula I: 



where is C x -C 4 aXKyX or a nitrogen protecting group and 

t?2 is hydrogen or Ci-Cg alkyl. 

Z present invention aXso provides processes further 
coding deprotecting those compounds of For^Xa X and 
For^uxa XV where *x is a nitrogen protecting group 
nrovide the corresponding secondary amine. 
P Zie invention is usefuX for the transformation 
genericaxxy represented by the foXXowing equation: 
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OS0 2 CF 3 

9 • c> 

haiide N 
R 

II III 

where haiide is chloro, bromo, or iodo; R 1 is C2-C4 alkyl or 
a nitrogen protecting group; and R 2 is hydrogen or C^-Cg 

alkyl. The process of the invention is performed by 
reacting an appropriate heteroaryl haiide (II) with an 
appropriate triflate (III) in the presence of a palladium 
catalyst, a hexatCx-C^ alkyl )dit in, and lithium chloride in 

a suitable solvent- Once the reaction is complete, the 
resultant tetrahydropyridine (I) is isolated by standard 
extractions and filtrations. If desired, the tetrahydro- 
pyridine product may be further purified by chromatography 
or crystallization as appropriate. While the order and 
manner of combining the reactants are not critical, and may 
be varied as a matter of convenience, it is preferred that 
the palladium catalyst is added last to the reaction 
mixture . 

Reactions employing the process of the present 
invention are preferably performed at the reflux temperature 
of the chosen reaction medium. The reactions may be 
performed at temperatures below reflux if convenient or 
desired. The skilled artisan will appreciate that reaction 
rates typically decrease as the temperature is lowered. 

The heteroaryl portion of the heteroaryl halides (II) 
useful for the process of the present invention are 
characterized as a heterocyclic ring containing at least one 
sp 2 -hybridized nitrogen atom which is adjacent to an sp 2 - 
hybridized carbon atom bearing the haiide atom. An sp 2 - 
hybridized carbon atom is one that uses sp 2 -hybridized 




WO 99/65896 



PCT/US99/13521 



orbit als to form bonds with the three atoms to which it is 
attached. Likewise, an sp2-hybridized nitrogen atom 
Ict uses ^-hybridized orbitals to form bonds with the two 
at oms to whioh it is attached. These ^^^f 
orbitals arise from hybridization o = «~ " * itio » 

electrons (March, aft .nml nr^r memory., ^ ir ^ a 
electron New York> . 

(1985), pages 6-9, John Wiley i= „, mted ring or it may 

«- -terocyclic ring ^ be^n isolated „ B 

b e fused to other ring J^site functionality 

also be substituted so long as tne req 

See and the substitute do ^^l^™™ 
reaction. Heteroaryl moret- which are usef^ ^ 

X rr* ----- — ;- 2 - yl ; rS£ 

Y l, pyrimidin-.-yl, -.i^*^^*.^. 
2-vl indazol-3-yl, benzimidazol-2 yl. oenz 
2 y-L. ^ ^, benzoisoxazol-3-yl, 

benzoxazol-2-yl, benzoisothxazol-3 yl. benz 

. :. n 2 . vl isoquinolin-l-yl. isoquxnolin-3-yl. 

^sr^r^sS: ----- 

" d "tide portion of the heteroaryl halide 
selected from chloro, bromo and iodo. Heteroa^halides 

~ SL^r^T -labia or 
r^TSS^ -Ues well *nown to one of ordinary 

^"^pre^y -ted. the triflate reagent is a 
compound of formula. Ill: 
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III 

where R 1 is C1-C4 alkyl or a nitrogen protecting group; and 
R 2 is hydrogen or C^-C^ alkyl. Nitrogen protecting groups 
are those moieties which allow the reactions of the process 
to proceed without interference by the secondary nitrogen 
atom, and then are subsequently removed to regenerate the 
secondary amine. Nitrogen protecting groups useful for the 
process of the invention are well known to the skilled 
artisan (Greene, Protective Groups in Organic Chemistry . 
Second Edition, Wiley Interscience, New York (1991) ) . 
Preferred protecting groups are phenoxycarbonyl and the C^- 
C4 alkoxycarbonyl groups, particularly tert-butoxycarbonyl . 
The requisite triflates are prepared by reacting the enolate 
of the corresponding piperidin-4-one with an appropriate 
triflating reagent, preferably N- phenyl trifluoromethanesul - 
fonimide. The enolates may be prepared by treatment of the 
corresponding piperidin-4-one with a suitable base, or by 
conjugate addition of a nucleophilic reagent, such as a 
hydride reducing agent or a C^-C^ alkyl Grignard reagent, to 
the corresponding l,2,3,4-tetrahydropyridin-4-one. These 
piperidin-4-ones and 1, 2 , 3 , 4-tetrahydropyridin-4-ones are 
either commercially available or may be prepared by methods 
well known the skilled artisan . 

The heteroaryl halide (II) and triflate (III) are 
typically added in about equimolar amounts, and this molar 
ratio is preferred. The skilled artisan will appreciate 
that a molar excess of either reagent relative to the other 
may be used if necessary or desired. 
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dium.O, . The palladium catalyst may be q£ 
»«»e 2 to about 25 mole percent based on the amount 
rubTate 0 The amount of palladium Catalan 
about 5 to about 10 mole percent is preferred, 
^e percent is most preferred for the process of the 

*™ZX^Tc 6 al,yl.oitin alloyed for the process of 

th e present invention is ^ ^ strata 
— one r la rr= t of^the rea^ ^ ^ 

methods well Known to the skilled o£ cbe 

The lithium chloride employed in the process o 

present invention is used ^^^Z^ excess 

3u b 9 trates. J» Native to s^strate ^y be used. A 
of lithium chloride relative _ pre ferred, 
molar excess of from about 2 to about f V 
with about a 3 fold molar excess being most P^eferr 
lithium chloride e^loyed in the process of the present 
mention shou.be anhydrous = ; - « ^ f ree 

takSD C ° Tfacflitate the process of the present invention. 
° £ ^c ol ^ -ful for the process of the invention 

reason ST- - process of this invention 



WO 99/65896 



PCT/US99/13521 



8 

include ethers such as tetrahydrof uran, tetrahydropyran, 
dioxane, diethyl ether , diisopropyl ether, and methyl tert- 
butyl ether. The preferred solvent is dioxane. It is also . 
preferred that the dioxane is anhydrous where anhydrous is 
taken to mean that the dioxane is sufficiently free of water 
to allow the process of the invention to proceed. It is 
also preferred that the reaction medium be deoxygenated 
prior to use in the process of the invention. Deoxygenation 
may be accomplished by bubbling an inert gas, such as 
nitrogen or argon, through the reaction medium. It is 
preferred that the reaction medium is deoxygenated with 
nitrogen. 

The process may be carried out over a large range of 
concentrations, from about 0.05 molar to about 1 molar of he 
substrate, dependant upon the solubility of the particular 
substrate in the chosen reaction medium. The reaction may 
also be performed on slurries of the substrates so long as a 
sufficient amount of the substrate is soluble in the 
reaction medium for the reaction to proceed. Preferably the 
process is performed at a concentration from about 0.4 molar 
to about 1 molar. A concentration of about 0.4 molar to 
about 0.8 molar is most preferred. 

The 1,2,3,6-tetrahydropyridines of Formula I where R 1 
is a nitrogen protecting group are useful intermediates for 
the preparation of the corresponding secondary amines. The 
deprotection step may be accomplished by methods well known 
to the skilled artisan. The tert-butoxycarbonyl group, for 
example, may be removed by treatment with trif luoroacetic 
acid. The process of the present invention, therefore, 
further comprises deprotection of a compound of Formula I 
where R 1 is a nitrogen protecting group to provide the 
corresponding secondary amine. 

The intermediate l,.2 , 3 , 6- tetrahydropyridines of Formula 
I may also be used to prepare the corresponding piperidines 
of Formula IV by hydrogenation over a precious metal 
catalyst, such as palladium on carbon. When the heteroaryl 
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*,.tituted with a bromo group, a hydrogenation 
m0i " y ^su^ as sulfided platinum on carbon, platinum 
catalyst such as S ^ / of sulfide d platinum on 

oxide, or a mxxed catalyst sys hydro genolysis 

- e „ fi o n s i , at 0-60°C preferably at 
preferably from 50-60 p.s.i., 

-„v« fn 40°C for 1 hour to 3 days, 
ambient temperature to 40 C. reaui red to drive the 

Additional charges of hydrogen may be ~q^ed substrate . 
reaction to completion depending onthe fey 
The piperidines prepared in thxs manner a 
The p p catalyst by filtration followed by 

rr.» tl r.; » trrr- sr.::,, - ■ 

reorganisation from a suitable solvent 

pyridines may be converted degired . The 1,2,3,6- 

by t reatment ^^^^l-n^ -id to 
tetrahydropyrxdxne - ^"^ equival ents. of 

which is added an excess, 1.1 10.0 qu 

•^wisilane The reaction mxxture xs scxrir 
trxethylsxiane. * about 48 hours at 

^ent te**erature IO r ^ e Ts on elated under 
which ti- «*• -»^» x ^" i : chen seated with 2 H 
reduced pressure. The resrou mixture extracted with 

sodiu. or potassiu, ^^ ^0^^ or 

Xd rhods T i£ necessary or desired. The resultant 
Uridine -here * is a nitro 3 en protecting , *roup then 
he removed as previously discussed to provrde the 



WO 99/65896 



PCT/US99/13521 



10 

corresponding secondary amine. The skilled artisan will 
appreciate that the deprotection may occur prior or 
subsequent to the reduction of the double bond as necessary - 
or desired- The present invention, therefore, also provides 
a process which further comprises the reduction of the 
1, 2 , 3 , 6- tetrahydropyridine double bond to prepare the 

corresponding piperidine and, where R 1 is a nitrogen 
protecting group, deprotecting the nitrogen. 

The processes of the present invention are illustrated 
by the following Procedures and Examples, which are in no 
way intended to limit the scope of the present invention. 

Preparation I 

1 -phenoxycarbonyl - 2 -methyl -1,2,3,4- tetrahydropiperidin- 4 - one 

A solution of 1.5 gm (13.7 mMol) 4-methoxypyridine and 
4.6 mL (13.7 mMol) methylmagnesium chloride in 30 mL 
tetrahydrofuran was cooled to -23°C at which time 1.72 mL 
(13.7 mMol) phenyl chlorof ormate was added. The reaction 
mixture was stirred for 20 minutes and was then poured into 
10% hydrochloric acid and stirred for at room temperature 
for 10 minutes. This mixture was then extracted well with 
diethyl ether. The ether extracts were combined, washed 
with saturated aqueous sodium chloride, dried over sodium 
sulfate and concentrated under reduced pressure. The 
residue was subjected to flash silica gel chromatography, 
eluting with 9:1 hexane: ethyl acetate. Fractions containing 
product were combined and concentrated under reduced 
pressure to provide 1.54 gm (49%) of the title compound as a 
white solid. 

Preparation II 
1, 2-dimethylpiperidin-4-one 
Ethvl 3- (N-methYlamino)butanoate 

A solution of 4 79.2 mL (0.958 mole) methylamine (2M in 
tetrahydrofuran) was added dropwise to 99.44 gm ethyl 
crotonate with stirring. After stirring 5 days at room 
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reaction mixture was concentrated under 
temperature the reaction n> ^ residue was 

reduced pressure to remove ^^drof ^ 
distilled to provide 91.25 gm (72%) 
in 2 fractions. 

MS(FD): m/e = 145 (M + ) ^ anr ^. r 57.90; H, 10.41; 

EA: Calculated for: C,H 15 N0 2 = Theory C 5 

9 .65. Found: C. 57.61, H. 10.66: >. 9.88. 
^^^^ 

^utanoate ana xo. - «.-.» ^^^^Lcti- 

desired compound. 
b p .= 93-100°C (0.12 mm Hg) 

Ts.71. Pound: C, 59.02; H, 9.65: N, 
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Cyclization/decarboxvlation 

A solution of 43.0 gm (0.175 mole) ethyl 3 - (N-methyl-N- 

(2-ethoxycarbonyleth-l-yl) amino) butanoate in 150 mL benzene, 
was added dropwise to a stirring suspension of 5.6 gm (0.14 
mole) sodium hydride (60% dispersion in mineral oil) in 100 
mL benzene at room temperature. To this gelatinous mixture 
were added an additional 250 mL benzene and 3.5 gm (0.088 
mole) sodium hydride (60% dispersion in mineral oil) and the 
mixture heated to reflux for 2 hours. The reaction mixture 
was then cooled to room temperature and acidified by the 
addition of concentrated hydrochloric acid. The phases were 
separated and the organic phase extracted with 3 x 100 mL 5N 
hydrochloric acid. The combined aqueous phases were allowed 
to stand at room temperature for 18 hours and were then 
heated to reflux for 4 hours. The reaction mixture was 
cooled to 0°C and basified (pH~14) with 50% aqueous NaOH. 
The mixture was extracted with 4 x 200 mL di chl or ome thane . 
The combined organic extracts were dried over sodium sulfate 
and then concentrated under reduced pressure to provide 22 . 2 
gm of a brown oil. This residual oil was subjected to 
silica gel chromatography, eluting with 5% methanol in 
di chl or ome thane containing a trace of ammonium hydroxide. 
Fractions shown to contain product were combined and 
concentrated under reduced pressure to provide 18 . 7 gm of an 
oil. This oil was fractionally distilled to provide 10.2 gm 

(46%) of the title compound. 
MS(FD): m/e = 127 (M + ) 

EA: Calculated for: C7H13NO: Theory: C, 66.10; H, 10.30; 
N, 11.01. Found: C r 65.80; H, 10.44; N, 11.04. 

Preparation III 
1-tert-butoxycarbonyl -4-piperidone 
A solution of 9.0 gm (61.5 mMol) 4-piperidone hydro- 
chloride monohydrate in dioxane /water at 0°C was treated 
sequentially with aqueous sodium carbonate and 14.4 gm 
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(68 -*1> 2,2-dimethylpropanoic hydride (BOC hydride). 

t-^t slurry was stirred vigorously at room 
The resultant slurry wd ture was then 

t en*erature for IS hours. The reaction 
concentrated under reduced pressure "-^^ 
with ethyl acetate. This mixture was treated wit 

*" 'r'LTaturated 1^ sodium chioride. dried over 
7od ^n ate ^concentrated under redu c.d P~ -« - 

9.8 9- <30%» or the title co^ound as a ^ ^ 6Q; 
BA- calculated for: Cl oHl7N03= Theory. C. 
H , 7.03. Found: C 60.12; H. 8.54; N. 7.11. 
MS (m/e) : 199 W*> 

Preparation IV 

x-phenoxycar b onyl- 2 -methyl-4-trifluor OT ethanesul £ onyloxy- 

1,2,3,6-tetrahydropyridme 
. „ f 47 ™ (49.8 sttol) l-phenoxycart.onyl-2- 

A solution of 11.47 gm 143 te trahydrofuran 

-Wl l 2 3 4-tetrahydropiperidin-4-one in tetrany 

£ to -23O0 at which point S4.8 -L (54.8 n^ol) L- 
was cooled to 23 C , was a dded dropwise via 

Selectride (1.0 M in tetrany stirred for 

an additional funnel. The reaction fixture ^ 
two hours and then a solution of 18 . 69 9. < = 

^-^T-trS^^SS. at roo» 
added -ropwise and ^es>Ot g ^ _ ^ 

'Tenlrated under reduced pressure and the residue 
concentrated un ether excracC3 were 

dissolved in di et hy s sodium chloride, 
combined, washed with saturated ^ reduced 
d ried over magnesium sulfate and gel 
pressure. The residue was ^-ted^to flash 

chromatography. ^ined and concentrated 

Fractions containing product wer 
UIld er reduced pressure to provide 9.46 gm (52.) 
compound as a yellow oil. 
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EXAMPLE 1 

4- (quinolin-2-yl) - 1 , 2 , 3 , 6 - tetrahydropyridine 
l - tert - but oxvcarbonvl - 4 ■ (ouinol in-2-vl) -1.2.3.6- 
tet r ahy dr op vr i di ne 

A mixture of 0.800 gm (4.9 mMol) 2 - chloroquinoline, 
1.62 gm (4.9 mMol) l-tert-butoxy-4-trif luoromethanesulf onyl - 
oxy-1,2, 3, 6 -tetrahydropyridine, 1.75 gm (4.9 mMol) 
hexamethylditin, 0.622 gm (14.7 mMol) anhydrous lithium 
chloride, and 0.283 gm (0.24 mMol) tetrakis ( triphenylphos- 
phine)palladium(O) in dioxane was stirred at reflux for 
about 16 hours. The reaction mixture was cooled to room 
temperature and then poured into saturated aqueous potassium 
fluoride. The mixture was then diluted with ethyl acetate 
and stirred for about 2 hours. The phases were separated 
and the organic phase washed with saturated aqueous sodium 
chloride, dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue was subjected to flash 
silica gel chromatography, eluting with hexane containing 
about 6% ethyl acetate. Fractions containing product were 
combined and concentrated under reduced pressure to provide 
0.632 gm of the desired compound as a light yellow oil. 

Deprotection 

A mixture of 0.632 gm (2.0 mMol) 1- tert-butoxycarbonyl - 
4- (quinolin-2-yl) - 1, 2 , 3 , 6- tetrahydropyridine, 5 mL 
trif luoroacetic acid, a drop of thiophenol, and 5 mL 
dichl or ome thane was stirred at room temperature for about 5 
hours . The reaction mixture was concentrated under reduced 
pressure and the residue partitioned between ethyl acetate 
and 2N sodium hydroxide. The phases were separated and the 
organic phase washed with saturated aqueous sodium chloride, 
dried over sodium sulfate, and concentrated under reduced 
pressure to provide 0.2 68 gm (63%) of the title compound as 
a light yellow wax. 

A portion was converted to the oxalate salt for 
analysis . 



PCT/US99/13521 

WO 99/65896 

15 



MS(FD): m/e = 210 (M + ) 

EA- Calculated for C14H14N2-C2H2O4 : Theory: C, 63.99, H, 
5.37; N, 9.33. Found: C, 64.13; H, 5.60; H..9.57. 

EXAMPLE 2 

i-tert-butoxycarbonyl-4- (pyridin-2-yl) -1,2,3,6- 
tetrahydropyridine 
. Beginning with 0.52 gm (4.6 Mol) 2 - chloropyr idine and 
X S3 gm (4.6 -ol) l-^-butoxy-4-trifluorc.ethanesulfonyl- 
0^.3,6-tetrahydropyridine. 0.59 gm (49%, of the title 
expound were prepared substantially by the procedure 
described in EXAMPLE 1. 

EXAMPLE 3 

1 - £Kfc- but oxy carbony 1 - 4 - (pyr imidin- 2 - y 1 ) - 1 , 2 , 3 , 6 - 

tetrahydropyridine 
Beginning with 0.175 gm (1.5 mMol) 2 - chloropyrimidine 
and 0 559 gm (1.7 mMol) x-^-buto^^.trirluoro^thanesul- 
£ onylo*y-1.2.3.6-tetrahydropyridine. 0.123 gm (32%) of the 

title compound were prepared as an 1 
substantially by the procedure described a EXAMPLE 1. 

m.p. = 82-84 C w 7 23: 

EA: .Calculated for C^HiS^: Theory: C, 64.35, H, 7.33, 

N, 16.08. Found: C 64.53; H, 7.29; N, 16.23. 

EXAMPLE 4 

l-tert-butoxycarbonyl-4- (6-phenylpyridazin-3-yl) -1,2,3,6- 

tetrahydropyr idine 
Beginning with 0.226 gm (1.2 mMol) 6-phenyl-3-chloro- 
pyridazine and 0.413 gm (1.25 mMol) l-Mtt-butoxy-4- 
trifluoromethanesulfonyloxy-l,2,3.6-tetrahydro P yr,drne 

0 200 gm (50%) of the title compound were prepared as an 
of f-!h!te solid substantially by the procedure described » 
EXAMPLE 1. 
m.p. = 152-154°C 
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EA: Calculated for C20H23N3O2: Theory: C, 71.19; H, 6.87; 
N, 12.45. Found: C, 71.27; H, 6.65; N, 12.39. 

EXAMPLE 5 

1 - 1 ert - butoxycarbonyl - 4 - (6-methoxyquinolin-2-yl) -1,2,3,6- 

t e t rahy dr opy r i dine 
Beginning with 0.250 gm (1.3 mMol) 2 - chloro- 6 -methoxy- 
quinoline and 0.472 gm (1.4 iriMol) 1- tert-butoxy-4- trif luoro- 
methanesulf onyloxy- 1,2,3,6- tetrahydropyridine , 0 . 162 gm 
(37%) of the title compound were prepared as a waxy solid 
substantially by the procedure described in EXAMPLE l. 

m.p. = 85-87°C 

EA: Calculated for C20H24N2O3: Theory: C, 70.57; H, 7.11; 
N, 8.23. Found: C, 70.30; H, 7.22; N, 8.17. 

EXAMPLE 6 

1 - t ert -butoxycarbonyl - 4 - (benzimidazol-2-yl) -1,2,3,6- 
tetrahydropyridine 0.25 hydrate 
Beginning with 0.203 gm (1.3 mMol) 2 -chlorobenz imida- 
zole and 0.466 gm (1.4 mMol) 1- tert-butoxy-4- trif luorometh- 
anesulf onyloxy- 1,2, 3, 6 -tetrahydropyridine, 0.042 gm (11%) of 
the title compound were prepared as a waxy solid 
substantially by the procedure described in EXAMPLE 1. 

m.p. = 215-216°C 

EA: Calculated for C17H21N3O2-O .25 H 2 0: Theory: C, 67.19; 
H, 7.13; N, 13.83. Found: C, 66.85; H, 7.13; N, 13.24. 

EXAMPLE 7 

1 - tert - butoxycarbonyl - 4 - ( 1 - tert -butoxycarbonylbenzimidazol - 
2 -yl) -1,2, 3, 6 -tetrahydropyridine 0.25 hydrate 
Beginning with 0.380 gm (1.5 mMol) 1 - tert -but oxy carbon - 
yl-2-chlorobenzimidazole and 0.524 gm (1.6 mMol) 1- tert- 
butoxy-4 - trif luoromethanesulf onyloxy- 1,2,3,6- tetrahydro- 
pyridine, 0.159 gm (27%) of the title compound were prepared 
substantially by the procedure described in EXAMPLE 1. 
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calculi for C 22 H 29N3 O 4 .0. 25 H 2 0= Tbeory: C «.«. 
^ 7 36! „, 10 . 4 „. Found: C 65.49; H. 7. 2 4, 10.... 

EXAMPLE 8 

1 - -butoxycarbonyl - 4 - (guinoxalin- 2 -yl) -1,2,3,6- 

tetrahydropyridine 
o 264 gm (1.6 mMol) 2-chloroquinoxalxne 
Beginning with 0.264 gm i lu0 romethanesul - 

an* 0.587 gm (1.8 mMol) l-^-butoxy ■ 4 trxf 

- , ■> 6 . tetrahydropyridme, 0.369 gm \'**> 
fonyloxy-1,2,3,6 tetrany » waxy solid 

m.p. - 93-95°C - m H 6. 80; 

m calculated for C 18 H 21 N30 2 = Theory: C. 69.43. 

N , 13 ,„. Found: C. 69.57; H, 6.74; >, 13.56. 

EXAMPLE 9 

1 - tstt-butoxycarbony 1 - 4 - (benzoxasol - 2 -yl) - 1 . 2 . 3 . 6 - 

tetrahydropyridme 
■ • w-ii-h 0 204 gm (1.3 mMol) 2 - chlorobenzoxazole 
Beginning with 0.204 gm j rifluoromet hane- 

»r ~ =.<'■••>«•«-'" 

r 67 79; H, 6.70; N, 9.62. 
N, 9.33. Found: C, »» 

EXAMPLE 10 

x-tsri-butoxycarbonyl^-loanzothiazol-a-yD-l.^.S^- 

tetrahydropyridme 
•*->, o 214 qm (1.3 mMol) 2-chlorobenzothia- 
Beginning with o 214£ t ufcoxy . 4 . trif lu0 rometb- 

zole and 0.462 gm (1.39 mMox; of 

anesulfonyloxy-i^.S^-tetrabydropyrxdxne, 0.232 gm 
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the title compound were prepared as an off-white solid 
substantially by the procedure described in EXAMPLE 1. 

m.p. = 105-107°C 

EA: Calculated for C17H20N3O2S: Theory: C, 64.53; H, 

6.37; N, 8.85. Found: C, 64.37; H, 6.24; N, 8.67. 

EXAMPLE 11 

4- (4-chlorobenzothiazol-2-yl) -1, 2, 3, 6- tetrahydropyridine 
1 - 1 ert - but oxvcarbonvl - 4 - ( 4 - chl orobenzothiazol -2-yl)-1.2.3.6- 
tetrahydropyridine 

Beginning with 2.0 gm (10 mMol) 2 , 4 -dichlorobenzothia- 
zole and 3.58 gm (10.8 mMol) 1- tert -butoxy-4- trif luorometh - 
anesulf onyloxy-1, 2 , 3 , 6- tetrahydropyridine, 2.16 gm (63%) of 
the desired compound were prepared as a light yellow waxy 
solid substantially by the procedure described in EXAMPLE 1. 

m.p. - 98-101°C 

EA: Calculated for C17H19N2O2SCI : Theory: C, 58.20; H, 
5.46; N, 7.98. Found: C, 58.43; H, 5.55; N, 8.01. 

Deprotectiqn 

Beginning with 0.805 gm (2.3 mMol) 1-tert- 
butoxycarbonyl - 4 - (4-chlorobenzothiazol-2-yl) -1,2,3,6- 
tetrahydropyridihe, 0.497 gm (86%) of the title compound 
were prepared as an off-white solid substantially by the 
procedure described in EXAMPLE 1. 

m.p. - 112-114°C 

MS(FD): m/e = 250 (M + ) 

EA: Calculated for C12H11N2SCI: Theory: C, 57.48; H, 
4.42; N, 11.17. Found: C, 57.78; H, 4.48; N, 11.04. 

EXAMPLE 12 

4- (6-chl orobenzothiazol- 2 -yl) - 1, 2 , 3 , 6- tetrahydropyridine 
1- tert-butoxycarbonyl-4- (6-chlorobenzothiazol-2-vl) -1.2.3,6- 
tetrahvdroovridine 

Beginning with 2.0 gm (10 mMol) 2 , 6 -dichl orobenzothia- 
zol e and 3.91 gm (11.8 mMol) 1- tert-butoxy-4- trif luorometh- 
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, n -x 6 tetrahydropyridine, 1.77 gm (51%) of 
anesulfonyloxy-1,2,3.6 tetrahy py 

the desired compound were prepared as a ^^exAMPLE 1. 

sub stantially by the ^^^^"^ry C 58.20; H. 
EA: calculated for C 17 H 19N2 0 2 SC1, Theory 

5.46; >. 7.98. Found: C. 57.90; H, 5.48; N, 8.01. 

ESE£2£SSti2a -i-H 0 408 am (1-2 mMol) l-JMIt- 
Beginning with 0.408 gm vx- 

procedure described in EXAMPLE 1. 
m .p. = 125°C 

MS(FD): m/e = 250 (M + ) „ 
" Llcuxated t or C 12 H llH2 SCl : Theory: 57.40. 

4.42; N. 11-X7. Found: C. 57.19, B. «.«. 

EXAMPLE 13 

^nnvl-4- (4-methylben Z othia Z ol-2-yl) -1,2,3,6- 
l-tert-butoxycarbonyl-4 i« me jr 

tetrahydropyridine 
4rt o 227 gm (1.2 mMol) 2-chloro-4-methyl- 
Beginning with 0.227 gm i 1 . tert . but o a cy-4- 
.enzothiazole and 0.409 gm (13 f° ^ ropyr idine , 

^ILC solid substantially by the procedure 
.71, N, 8.48. Found: C 65.68; H. 6.57; N, 8.57. 



6 

EXAMPLE 14 



i.tert-butoxycarbonyl-4- <4-metho,cybenzothiasol-2-yl> - 
l 2, 3. 6 -tetrahydropyridine 
li o 231 U.2 anol) 2-ohloro-4-metho*y- 
Beginning with ^-butoxy-4- 

benzothiazole and 0.403 gm 11 tetrahy dropyridine. 
tri£luoromethanesulfonyloxy-l,2,3,6-tetrahydr py 

0.191 gm (48%) o£ the title compound were prepared 
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off-white solid substantially by the procedure described in 
EXAMPLE 1. 

EA: Calculated for C18H22N2O3S: Theory: C, 62,40; H, 
6.40; N, 8.09. Pound: C, 62.23; H, 6.25; N, 8.06. 

EXAMPLE 15 

l-tert-butoxycarbonyl-4- (5-nitrobenzothiazol-2-yl) -1,2,3,6- 

tetrahydropyridine hemihydrate 
Beginning with 0.130 gm (0.6 inMol) 2 - chloro- 5 -nitro- 
benzothiazole and 0.211 gm (0.64 mMol) 1- tert-butoxy-4 - 
trif luoromethanesulf onyloxy-1 , 2,3,6- tetrahydropyridine, 
0.031 gm (14%) of the title compound were prepared as a 
light yellow waxy solid substantially by the procedure 
described in EXAMPLE 1. 

EA: Calculated for C17H19N3O4S- 0 . 5 H 2 0: Theory: C, 55.12 
H, 5.44; N, 11.34. Found: C, 55.36; H, 5.31; N, 11.07. 

EXAMPLE 16 

1 - tert t butoxvcarbonyl - 4 - (purin-6-yl) -1,2,3, 6- 
t e t r ahy dr opy r i dine 
Beginning with 0.25 6 gm (1.7 mMol) 6- chloropurine and 
0.579 gm (1.7 mMol) l- t^rt-butoxy- 4 -trif luoromethanesulf on- 
yloxy-1 , 2 , 3 , 6- tetrahydropyridine, 0.097 gm (21% based on 
recovered starting material) of the title compound were 
prepared as a light tan foam substantially by the procedure 
described in EXAMPLE 1. 
m.p. = 84°C 

EA: Calculated for C15H19N5O2: Theory: C, 59.79; H, 6.35 
N, 23.24. Found: C, 59.54; H, 6.30; N, 23.41. 

EXAMPLE 17 
4 - ( 6 - chlorobenzothiazol - 2 -yl ) piperidine 
1 - tert - butoxvcarbonvl - 4 - ( 6 - chlorobenzothiazol - 2 - 
yl ) piperidine 
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of o 939 am (2.7 iriMol) i-ter£-butoxycarbonyl- 
A mixture of 0.939 gm I 6 . te trahydropyridine and 

a catalytic amount of plat.num oxxde - *° ^ 
stirr ed at room temperature ^ was 

:::: ^"p^n- * «-* - 

rXrin a minimal volume ;f ^ng with 

fixture was passed through a bedof silica ge _ 

a 1:i fixture of •^ c ^ b ^ ^ovide 0.663 gm (70%) 
concentrated underreduced P""*"* P 
of the desired compound as a Ixght tan oil. 

E§EE2tS£ti2S ' -t-h o 663 qm (1.9 l-£gr£-butoxy- 
14. 

B . p . = 115-H70C 
MS(FD): m/e - 252 (M+) 

EXAMPLE 18 

v. i i m pthvl-4-(4,5-dimethylbenzothiazol- 
l-tert-butoxycarbonyl-2-methyl 

— 2 - y l)-l,2,3,6-tetrahydropyridxne 

... , 3 0 gm (6.58 mMol) 2-chloro-4, 5- 
Beginnmg with 1.3 gm ( ^tert-butoxy- 
dimethylbenzothiazole and 2.28 gm ( idine , 

as an oily 

ieLHoUd'suLrantially by the procedure described in 
EXAMPLE 1. 

MS (ion spray): m/e =360.5 (H+> 

EXAMPLE 19 
n o a 4-Hv\-4-(5,6-dimethylbenzothiazol- 
i-tert-butoxycarbonyl-2-methyl 4 o,t» 

— 2 _ yl) -l f 2 f 3 f 6-tetrahydropyridine 




WO 99/65896 PCT/US99/13521 

22 

Beginning with 1.00 gm (5.06 mMol) 2-chloro-5, 6- 
dimethylbenzothiazole and 1.74 gm (5.06 mMol) 1-tert-butoxy- 
4-trif luoromethanesulfonyloxy-1, 2,3, 6-tetrahydropyridine, 
0.8 9 gm (49%) of the title compound were prepared as an oily 
semi-solid, substantially by the procedure described in 
EXAMPLE 1. 

MS(ion spray): m/e = 360.5 (M + ) 



EXAMPLE 20 

l- tert -butoxycarbonyl-2 -methyl- 4- (4, 6-dif luorobenzothiazol- 
2-yl) -1,2,3, 6-tetrahydropyridine 
Beginning with 1.50 gm (7.30 mMol) 2-chloro-4, 6- 
dif luorobenzothiazole and 2.52 gm (7.30 mMol) 1- tert -butoxy- 
4-trif luoromethanesulfonyloxy-1, 2, 3, 6-tetrahydropyridine, 
1.49 gm (56%) of the title compound were prepared as an oily 
semi-solid, substantially by the procedure described in 
EXAMPLE 1. 

MS (ion spray) : m/e = 366 (M + ) 

Compounds available by the process of the present 
invention are useful intermediates for the preparation of 
pharmacologically active compounds. Certain of the 
compounds available by the process of the present invention 
are inhibitors of serotonin reuptake. The efficacy of 
compounds to inhibit the reuptake of serotonin has been 
determined by a paroxetine binding essay, the usefulness of 
which is set out by Wong, et al . , Neuropsychopharmacolocrv , 
J3, 23-33 (1993) . Synaptosomal preparations from rat 
cerebral cortex were made from the brains of 100-150 g 
Sprague-Dawley rats which were killed by decapitation. The 
cerebral cortex was homogenized in 9 volumes of a medium 
containing 0.32 M sucrose and 20 /xM glucose. The 
preparations were resuspended after centrifugation by 
homogenizing in 50 volumes of cold reaction medium (50 fjJA 
sodium chloride, 50 {XM potassium chloride, pH 7.4) and 
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M ^ a, .0,00 v ~ »^^z:rzr 

between the secona cu paroxetine to 

„ 70»C until use. Binding of ^H-paroxetm 
was stored at -70 C uncix rea ction medium 

5-HT uptake sites was carried out in 2 ml 

-no the appropriate drug concentration. 0.1 nM H 
containing the appr p ^ (5Q ^ 

paroxetine, and the cereux ha ^ d at 37»C for 30 

protein • ~™ ^Tu^tine were used to 

routes; those contarnrng 1 ^ fl»°*« 

— Tr - binding - _ OT/ B 

incubation, the tubes «er p^yethylenimine for 1 

fil ters, which -e soared - ^0 JJ ^ ^ , ^ 
hour before use, using * c "" ^ rinsin g the tubes 

cold Trie buffer , P H 7.4, ^ placed in 

three additional times^ J^™^ Bclntilla tion fluid, 
scintillation vials containing 10 scin tillation 
and the radioactivity was measured by liquid 

spectrophotometry. ^ by the method of the 

certain compounds - ^ J assay ^ Mve 

present invention have been '-ted ^ ^ 

been found to be inhibitors of a Ki of 20.9 nMol. 

oompound of Example 12 was found to have 1 
COTP phar^cological activities -e » 

scribed ^-P-^^^J".^ » 
for the pharmaceutical utility 

- P-ess of %~?jrZZ«£ -low. 
-TtTsTow ITS. numerous 

therapeutic benefits are * tained ^f serotonin. The 
of drugs which inhibit the reuptake of seroton 

treatment of depression with drugs °^«^ la st 

fl uo*etine is the leader has ^^f^ession in its 

-dical ^^tJ:- mo/e visible to the 

^r^rr t:z u—, — « *. now 
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recognized as an extremely damaging disorder, and one that 
afflicts a surprisingly large fraction of the human 
population. Suicide is the most extreme symptom of 
depression, but millions of people, not quite so drastically 
afflicted, live in misery and partial or complete 
uselessness, and afflict their families as well by their 
affliction. The introduction of fluoxetine was a 
breakthrough in the treatment of depression, and depressives 
are now much more likely to be diagnosed and treated than 
they were only a decade ago. Duloxetine is in clinical 
trials for the treatment of depression and is likely to 
become a marketed drug for the purpose. 

Depression is often associated with other diseases and 
conditions, or caused by such other conditions. For 
example, it is associated with Parkinson's disease; with 
HIV; with Alzheimer's disease; and with abuse of a n abolic 
steroids. Depression may also be associated with abuse of 
any substance, or may be associated with behavioral problems 
resulting from or occurring in combination with head 
injuries, mental retardation or stroke. Depression in all 
its variations is a preferred target of treatment with the 
present adjunctive therapy method and compositions. 

Obsessive- compulsive disease appears in a great variety 
of degrees and symptoms, generally linked by the victim's 
uncontrollable urge to perform needless, ritualistic acts. 
Acts of acquiring, ordering, cleansing and the like, beyond 
any rational need or rationale, are the outward 
characteristic of the disease. A badly afflicted subject 
may be unable to do anything but carry out the rituals 
required by the disease. Fluoxetine is approved in the 
United States and other countries for the treatment of 
obsessive- compul si ve disease and has been found to be 
effective. 

Obesity is a frequent condition in the American 
population. It has been found that fluoxetine will enable 
an obese subject to lose weight, with the resulting benefit 
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«, the circulation and heart condition, as weii as general 

well being and energy atoned here are 

In many cases, the diseases u« 
classified in the International Classification of Diseases, 
classified Diag nostic and Statistical 

9th Edition (ICD) .or in Revise d, published 

Manual of Mental Disorders, 3rd Vers 

by th e American Psychiatric ^^J^^ Mau fo r 
cases, the ICD or DSM code numbers are suppi 

293.82. 293.83. 310.10, 318.00. 317.00 
migraine 

pain, particularly neuropathic pain 

bulimia, ICD 307.51, DSM 307.53 , ^ ^ 
premenstrual syndrome or late luteal pna 

DSM 307.90 _ 
alcoholism, ICD. 305.0. DSM 305.00 * 303.90 
tobacco abuse, ICD 305.1, DSM 305.10 * 292.00 
panic disorder, ICD 300.01, DSM 300.01 * 300.21 
anxiety, ICD 300.02, DSM 300.00 
post -traumatic syndrome, DSM 309.89 
memory loss, DSM 294.00 
dementia of aging, ICD 290 
social phobia, ICD 300.23, DSM 300 23 
attention deficit hyperactivity disorder, ICD 
disruptive behavior disorders^ ICD 312 

impulse control "T^/ ^ *J7oi 83, DSM 301.83 
borderline personality disorder, ICD 

chronic fatigue syndrome 
premature ejaculation, DSM 302.75 
erectile difficulty, DSM 302.72 

-rm 107 1. DSM 307.10 
anorexia nervosa, ICD 307.1/ uo 

disorders of sleep, ICD 307.4 
autism 
mutism 

trichotillomania 
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CLAIMS 

We claim: 

1. A process for the preparation of heteroaryl- 
1, 2,3,6-tetrahydropyridines of Formula I: 




R 



where : 

R 1 is C^-C^ alkyl or a nitrogen protecting group and 
R 2 is hydrogen or C^-Cg alkyl, comprising reacting a 
heteroaryl halide of Formula II: 




halide 

II 

where halide is chloro, bromo, or iodo, with a triflate of 
Formula III: 




in the presence of a palladium catalyst, a hexafCi-Cg 
alkyl) ditin, and lithium chloride in a suitable reaction 
medium. 
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2. A process of Claim 1, where halide is chloro. 
3 a process of either of Claims 1 or 2, further 

Formula IV: 



4 A process of any of Claims 1-3. where Rl is a 
nitrogen protecting group, further comprising removal of 
the nitrogen protecting group. 

5 a process of any of Claims 1-4, where the 
palladium catalyst is tetrafcis (triphenylphosphine) - 
palladium (0) . 

6 A process of any of Claims 1-5, where the 
hexa( Cl -C 6 alkyDditin is hexamethylditin. 

7. A process of any of Claims 1-6, where the 
suitable reaction medium is dioxane. 

8. A process of any of Claims 1-7, where R* is a 
nitrogen protecting group. 

9 A process of Claim 8, where the nitrogen 
protecting group is t^rt-butoxycarbonyl . 
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